Summary
The limitation of beam currents in PETRA by the beam-beam effect is investigated. The horizontal and vertical betatron frequency shifts AQ are measured as a function of bunch currents for different operating conditions. The direct measurement of AQ by coherent excitation of the eigenmodes of the coupled betatron oscillations of the bunches is described. This method allows to determine independently the horizontal and vertical beam dimensions at the interaction point.
Behaviour of the beams near the limit During injection the two beams are separated vertically with an electrostatic field. After switching off the electrostatic field one beam or both are blown up vertically. For currents above the limit the life time is very short, it can be less than 1 sec. For smaller currents near the limit the beams are blown up but the life time is longer, it can be of the order of an hour. Figs.1 and 2 show the two beams on a television monitor. In fig.1 the beam currents are .3 mA, and both beams are blown up. Fig.2 shows the beams at half the current, and they are flat.
Measurement of the coherent tune shift Fig. 3 shows the pickup signal of two colliding bunches (one in each beam) which are excited at their vertical betatron frequency. The currents of the bunches are below the limit. The excitation frequency increases from left to right, and there are two resonance frequencies where both beams are oscillating vertically. These frequencies are the two eigenfrequencies of the resonant system of the two bunches which are coupled by the space charge forces. The distance of the two peaks in fig. 3 gives the coherent tune shift per revolution, and that is twice the coherent tune shift per interaction, since we have two interaction points in this case. In linear approximation, the coherent tune shift is twice the incoherent tune shift (1, 2, 3) . One can see this as follows.
The kick which each bunch gets at the interaction point is proportional to the distance of the two bunches UU18-9499/79/vh}-4268500.75 ( (2) assuming that the two bunches have the same current. 
